ABSTRACT. Great Slave Lake in the Northwest Territories, Canada, differs regionally in trophic status and local and regional inputs of contaminants. Spatial and temporal trends in contaminant levels in bioindicator species such as colonial waterbirds could offer insights into the potential for contaminant bioaccumulation in Great Slave Lake. Persistent chlorinated hydrocarbon contaminants, mercury (Hg), and selenium (Se) were examined in herring gull (Larus argentatus) eggs and livers collected from various locations on Great Slave Lake in 1995. Eggs were collected in May and June, and livers in May and August. Also, the relationship between contaminants and trophic level, as inferred from stable-nitrogen isotope analysis (δ 15 N), was examined in four colonial waterbird species: herring gull, mew gull (L. canus), Caspian tern (Sterna caspia), and black tern (Chlidonias niger). Finally, the co-accumulation of mercury and selenium was examined in eggs of these birds. There were no differences in chlorinated hydrocarbon concentrations among four sampling sites (colonies). Concentrations did not differ between herring gull adults collected in early May and those collected in early August. Chlorinated hydrocarbon concentrations in eggs of herring gull, mew gull, Caspian tern, and black tern were related to their trophic positions as inferred from their δ 15 N values in their lipid-free egg yolks. Concentrations in these colonial waterbirds were much higher than those in fish from Great Slave Lake, but lower than those in their conspecifics from the Great Lakes. It is probable that a relatively large proportion of the chlorinated hydrocarbon contaminant load in colonial waterbird eggs on Great Slave Lake results from exposure to and storage of such contaminants at more heavily contaminated wintering and staging areas. This possibility limits the usefulness of colonial waterbirds as indicators of chlorinated hydrocarbon bioaccumulation in Great Slave Lake. Selenium and mercury concentrations in herring gull eggs differed significantly among the four breeding colonies, and concentrations in adults declined between May and August. Selenium and mercury were positively correlated in eggs of all species.
INTRODUCTION
Great Slave Lake, North America's fifth largest lake, drains an area of northwestern Canada that comprises about 10% of the nation's landmass. The ongoing industrialization of parts of northwestern Canada has led to concerns that contaminants transported through the Peace, Athabasca, and Slave River systems could be deposited in Great Slave Lake (Muir et al., 1997) . There has also been speculation-and some evidence-that volatile organic contaminants and some trace elements have been increasing in northern latitudes as a result of movement of contaminants in air masses and that Great Slave Lake may be a 'sink' for such contaminants. Finally, local domestic and industrial activities could affect contaminant levels in the North Arm of Great Slave Lake (Mudroch et al., 1988) . The problem of contamination of northern ecosystems may be further exacerbated if trophic biomagnification between successive steps in the food web is greater in the north than in the south, as has been hypothesized by Schindler et al. (1995) .
Great Slave Lake is a diverse ecosystem with three distinct areas that differ in physical and limnological characteristics and potential anthropogenic influences. The East Arm is highly oligotrophic and relatively pristine. The south-central part of the lake is influenced by the Slave River, whereas the North Arm, including Yellowknife Bay, is less oligotrophic than the East Arm and receives contaminant inputs from mining activities in and around Yellowknife.
Colonial waterbirds comprise a group of species that are 'top-predators' in aquatic ecosystems, in that they usually feed on small forage fish species and scavenge. Thus, many colonial waterbirds will accumulate relatively high levels of contaminants that biomagnify through food chains (Government of Canada, 1991) . Contaminants may be transferred from body tissues to eggs of laying females. Eggs are high in lipids, providing an excellent matrix for the deposition of lipophilic organic contaminants. Furthermore, colonial nesting habits and fidelity to nesting areas by colonial waterbirds provide a large and predictable source of eggs at a given site, making them easy to collect. These factors, coupled with the view that the collection of eggs for contaminant biomonitoring is more ethical than the collection of adult animals, make colonial waterbirds effective and socially acceptable indicator species.
Great Slave Lake is an important breeding area for colonial waterbirds in northwestern Canada. Ten species breed there: five gulls, four terns, and the parasitic jaeger Stercorarius parasiticus. Over 6000 nests were located in comprehensive surveys during the late 1980s and early 1990s (Sirois et al., 1995) .
A recent development in the field of contaminant modeling and analysis is the use of naturally occurring stable isotopes of nitrogen (δ 15 N) as a means of determining trophic level (reviewed by Kidd, 1998 ). This technique is based on the fact that stable-nitrogen isotope ratios in food webs show a stepwise increase with trophic level. Relative trophic position can thus be inferred from δ 15 N values in consumers and their eggs (Jarman et al., 1996) . Stable-nitrogen isotope data for all colonial waterbird species and for their supporting food chains indicate that contaminant biomagnification potential differs widely among bird species (Hobson et al., 2000) . Thus certain species should have higher levels of exposure to bioaccumulable contaminants, making them more sensitive indicators of contaminant exposure, all other factors being equal.
The objective of this study was to provide basic information about the distribution and bioaccumulation of contaminants in four species of colonial waterbirds from Great Slave Lake. We examine spatial and seasonal differences in contaminants in herring gulls (Larus argentatus) from Great Slave Lake and describe the relationship between trophic position and contaminant levels in herring gulls, mew gulls (L. canus), Caspian tern (Sterna caspia), and black tern (Chlidonias niger). Also, we determined whether selenium and mercury were correlated in eggs of these species. We examined this relationship because selenium is presumed to reduce mercury toxicity in birds (Scheuhammer, 1987) , and several investigators (e.g., Norheim, 1987; Henny et al., 1991) have reported the coaccumulation of these two elements in livers of birds.
METHODS

Collections
Samples were collected during the spring and summer of 1995. Freshly laid herring gull eggs were collected from four nesting colonies at different locations on Great Slave Lake: 1) Yellowknife Bay in the North Arm; 2) Francois Bay in the East Arm; 3) Egg Island, near the Slave River Delta; and 4) Brabant Island, near the head of the Mackenzie River (Fig. 1) . Whole eggs, including shells, were placed in solvent-rinsed glass jars and frozen soon after collection.
We collected adult herring gulls in the spring during the nesting period and again in August near the end of the brood-rearing period. These collections were made in Yellowknife Bay. Following collection, livers were removed, placed in acid-and acetone-washed glassware, and frozen.
Eggs of mew gull, Caspian tern, and black tern were collected in the North Arm, placed in solvent-rinsed jars, and frozen.
Contaminant Analyses
Samples were stored at -20˚C until analysis. Herring gull eggs and tissues were analyzed individually. Eggs of other species were analyzed in pools, consisting of 3-4 eggs per pooled sample.
Methods for analyzing organochlorine pesticides, chlorobenzenes, and PCBs are based on those described by Norstrom et al. (1988) . These methods provide results for 56 organochlorine compounds. Chemical analysis was done by gas chromatography, using a Hewlett-Packard 5890 Series 2 Plus GC equipped with a Hewlett-Packard 7673A auto injector and DB5 column (dimensions: 0.25 mm internal diameter × 60 m length). The detection limit was 0.0001 µg/g, wet weight. Analysis of standard reference materials and duplicates indicated that, for the major chlorinated hydrocarbon contaminants, the standard deviation averaged 3% of the mean and ranged between 0 and 10% of the mean. Recoveries ranged from 77 to 130%. Values are reported on a wet weight basis.
Mercury in eggs was analyzed by cold vapour atomic absorption spectrometry, using a LDC Analytical UV detector (fixed wavelength mercury monitor). Recovery ranged from 95 to 102% for the standard reference material (DORM-1 from the National Research Council) and from 100 to 103% for method spikes. Analysis of duplicates indicated that the standard deviation was ± 3% of the mean value. The detection limit was approximately 0.04 mg/kg dry weight.
Selenium in eggs was analyzed using a Sciex Perkin Elmer Elan 5000 ICP-MS in accordance with EPA method 200.8 (USEPA, 1998) . Standards were analyzed, and recovery ranged from 80 to 109% (mean = 97%). Duplicate analyses indicated that the standard deviation was ±13% of the mean. The detection limit was 2 mg/kg dry weight.
Mercury in liver was analyzed by cold vapour atomic absorption spectrometry, using a 3030 Perkin Elmer atomic absorption spectrometer equipped with a Varian VGA-76 hydride generator and a Varian PSC-55 autosampler. Recovery of standard reference materials ranged from 97 to 98%, and analytical spike recovery ranged from 98 to 102%. The detection limit was 0.10 mg/kg dry weight.
Selenium in livers was analyzed by graphite furnace AAS, using a Perkin-Elmer 3030b spectrometer equipped with an HGA-300 graphite furnace and an AS-40 autosampler. Argon was used as the purge gas. Recovery of standard reference materials ranged from 95 to 97%. The detection limit was 0.20 mg/kg dry weight.
Stable Isotope Analysis
Stable-nitrogen isotope assays were performed on 1 mg samples of dried, homogenized, and lipid-free egg yolks, following methods described by Jarman et al. (1996) . Briefly, approximately 1 mg of powdered sample was loaded into tin cups and combusted at 1800˚C in a RoboPrep elemental analyzer. We analyzed the resultant gas with a Europa 20:20 continuous-flow isotope ratio mass spectrometer (CFIRMS), with every five unknowns separated by two laboratory standards. Stable isotope concentrations were expressed in δ notation as the deviation from standards in parts per thousand (‰), according to the following equation:
where R is the corresponding ratio 15 N/ 14 N. The Rstandard value for 15 N is based on atmospheric N2 (AIR). Replicate measurements of internal laboratory standards (albumen) indicate measurement errors of 0.3‰ for stable nitrogen isotope measurements.
Statistics
In the results, the sum of PCBs is the sum of the concentrations of 39 PCB congeners or congener combinations. The sum of chlordanes is the sum of six compounds representing technical chlordane and its metabolites, and the sum of DDT is the sum of three compounds representing DDT and its metabolites. We used factor 1 from a factor analysis (SAS Institute, 1988) to summarize the data on the 56 chlorinated hydrocarbon compounds.
We used multivariate analysis of variance (MANOVA) to test for statistical differences in chlorinated hydrocarbon contaminant concentrations among different breeding colonies, between herring gulls sampled in May and in August, and among the four water bird species. MANOVAs included the following dependent variables: sum of PCBs, sum of chlordanes, sum of DDTs, and factor 1 scores. Following significant MANOVAs, univariate analysis of variance (ANOVA) was used to determine which group of contaminants differed among colonies, sampling times, or species. Mercury and selenium data were analyzed separately using ANOVA. A posteriori multiple comparisons were done using the Tukey-Kramer method. Data were log-transformed prior to analysis. Statistical analyses were done using SAS 6.03 (SAS Institute, 1988) .
RESULTS
Spatial Analysis of Herring Gull Eggs
A factor analysis of all the chlorinated hydrocarbon contaminant data produced a variable, Factor 1, that accounted for 47% of the overall variance in that data. Factor 1 represented strongly the following contaminants, which commonly occur at high concentrations in biota: DDE, mirex, oxychlordane, cis-nonachlor, and several highly chlorinated and persistent PCB congeners (e.g., PCB105, PCB110, PCB118, PCB138, PCB153, and PCB180) (Table 1). A multivariate analysis of variance on the sum of DDT and its metabolites (sDDT), the sum of PCB congeners (sPCB), the sum of chlordane compounds (sCHLOR), and Factor 1 scores (MANOVA: p = 0.22) showed no significant difference among sites in mean chlorinated hydrocarbon contaminant concentration. This similarity is reflected by the high degree of similarity among sites in their chlorinated hydrocarbon contaminant concentrations in eggs (Table 2) . Mean selenium concentrations ranged from 1.8 mg/kg at Yellowknife Bay to 3.9 mg/kg at Brabant Island (Table 2) . Selenium concentrations differed significantly among all sites except for Egg Island and Francois Bay (Tukey-Kramer a posteriori multiple comparison: p < 0.05, following overall significant ANOVA: p < 0.001). Mean total mercury concentrations ranged from 0.3 to 1.1 mg/kg (Table 2) . Eggs from Francois Bay had significantly higher concentrations of mercury than those from Egg Island and Yellowknife Bay, while eggs from Brabant Island had significantly higher concentrations than those from Yellowknife Bay (Tukey-Kramer a posteriori multiple comparison: p < 0.05, following a significant ANOVA: p < 0.0001).
Seasonal Analysis of Herring Gull Livers
A factor analysis of all the chlorinated hydrocarbon contaminant data produced a variable, Factor 1, which accounted for 46% of the overall variance in that data. Factor 1 represented strongly the following contaminants that occur at relatively high concentrations in biota: DDE, mirex, oxychlordane, and several highly chlorinated PCB congeners such as PCB99, PCB105, PCB118, PCB138 and PCB153 (Table 1 ). There was no significant difference (MANOVA: p = 0.98) in chlorinated hydrocarbon contaminants in livers of herring gulls between May and August samples, although there was an overall trend towards a slight decrease in concentrations between these two sampling periods (Table 3) .
Significant declines were noted for selenium (p = 0.002) and total mercury (p = 0.02) in herring gull livers between May and August. Concentrations of these trace elements were significantly higher (p < 0.05) than those in black tern eggs (Fig. 2 ). There was a close correspondence between contaminant concentrations in eggs and δ 15 N values, suggesting a relationship between contaminant concentrations and trophic level of laying females.
Selenium/Mercury Correlation in Eggs
Selenium and mercury concentrations, expressed as log-transformed molar values, were positively and significantly correlated in eggs of the four species (rpearson = 0.54, p = 0.003, Fig. 3 ). The molar ratio of selenium to mercury was approximately 11:1.
DISCUSSION
Spatial Variability in Contaminants in Herring Gull Eggs
We found no evidence of spatial variability in chlorinated hydrocarbon contaminant levels in herring gull eggs from Great Slave Lake. This finding contrasts with that of Evans (1996 Evans ( , 1997 , who reported spatial variability in organochlorine contaminants in fish, invertebrate, and sediment samples from Great Slave Lake. The absence of among-site differences may be the result of (1) small sample sizes, resulting in low statistical power; (2) broad feeding ranges of gulls on Great Slave Lake, so that their nesting location did not reflect their feeding location; or (3) contaminants in the eggs that originated from feeding locations on migration or wintering areas. We did not calculate statistical power in this study, but it is safe to assume that the small sample (n = 19), coupled with the wide variation in contaminant concentrations (Table 2) , would have resulted in a low capability to detect a significant difference among sites, even if differences were quite large.
It is unlikely that herring gulls had feeding ranges large enough for overlap with gulls from different colonies. Colonies were separated by 125 -225 km, distances which should have precluded extensive mixing, especially if gulls restrict their feeding activities to a localized area around their nesting colony from the time of their arrival at Great Slave Lake in early spring until the end of the nesting period. Such foraging patterns have been documented in gulls on the Great Lakes (Fox et al., 1990) , and Morris and Black (1980) reported maximum foraging distances of 30 km from the colony.
Another possible explanation for our inability to detect spatial variability in contaminants in herring gull eggs is that a large proportion of the chlorinated hydrocarbon contaminants in their eggs is accumulated on the wintering grounds or during migration. Many lipophilic chlorinated hydrocarbon contaminants are stored in tissues for long periods before they are deposited in eggs. For example, half-lives in herring gull tissues are in the range of 200 -300 days for DDE (Norstrom et al., 1986) , 340 days for oxychlordane, and 136 days for dieldrin (Clark et al., were approximately two to three times greater in the May sample than in the August sample (Table 3) .
Contaminant/Trophic Level Relationships
Stable-nitrogen isotope analysis of lipid-free egg yolk suggested a gradient in trophic levels of laying females, with black terns somewhat lower than herring gulls and Caspian terns, which were, in turn, lower than mew gulls (Fig. 2) . Mew gulls had significantly higher δ 15 N values than herring gulls and black terns (p < 0.05).
A factor analysis of all the chlorinated hydrocarbon data produced a variable, Factor 1, that explained 61% of the overall variance in the contaminant data for all herring gull, mew gull, Caspian tern, and black tern egg samples. Factor 1 represented strongly several common compounds that are known to occur at relatively high concentrations in biota (e.g., DDE, PCB99, PCB105, PCB118, PCB153, PCB180). Chlorinated hydrocarbon contaminants differed among the four species (MANOVA: p < 0.0001). In general, concentrations of contaminants and Factor 1 scores in Caspian tern and mew gull eggs were significantly higher than those in herring gull eggs (p < 0.05), which in turn 1987). These numbers suggest that these contaminants may be accumulated and stored over a long period of time prior to deposition in eggs. In support of this contention, Norstrom et al. (1986) detected 14 C-labeled DDE in eggs of herring gulls that had been dosed with the labeled compound almost one year before egg-laying. Weseloh et al. (1994) found that herring gulls returning to breed at different colonies on Lake Superior had contaminant profiles in their eggs that reflected, in part, their wintering distributions on the lower Great Lakes. In addition, Hebert et al. (1997) found that some of the year-to-year variability of organochlorine levels in herring gull eggs from Lake Ontario was explained by winter weather, which was hypothesized to influence feeding behaviour and dietary accumulation of contaminants during winter months. Their findings suggest that at least some of the organochlorine concentrations in gull eggs are the result of accumulation during the winter. We suspect this phenomenon also applies to gulls at Great Slave Lake because of the relatively short period of time between their arrival there and the onset of egg-laying (Sirois et al., 1995) . Additional contributing factors are the long tissue retention time of many through food chains (Lemly, 1997) . Its short biological half-life suggests that the Great Slave Lake ecosystem is the likely source of selenium in herring gull eggs. However, it is unclear whether the spatial differences found in this study reflect differences in selenium levels in the food chain or differences in the composition of the food chain (and thus of trophic relationships) among the sites. In any event, selenium levels in herring gull eggs in this study were well below the levels associated with high rates of embryonic mortality in birds (Lemly, 1995) . Low levels of mercury were detected in herring gull eggs, and differences were noted among sites. Mercury has an affinity for sulfhydryl proteins, and its biological half-life in birds is two to three months (Scheuhammer, 1987) . These facts, coupled with the use of stored proteins for egg formation in larids (Bolton et al., 1992) , suggest that mercury concentrations in herring gull eggs in Great Slave Lake may reflect dietary exposure to mercury on wintering areas, during migration, and at Great Slave Lake. Thus, it is unclear whether the spatial variation in mercury in herring gull eggs found in this study truly reflected among-site differences in mercury in the lake as a whole. This variation could be an artifact of some other phenomenon: for example, among-site differences in food chain structure and thus bioaccumulation potential (Atwell et al., 1998) , or among-site differences in mercury accumulation by the birds during winter and spring, before their arrival at Great Slave Lake.
Seasonal Changes in Contaminants
There was no evidence of a decline in chlorinated hydrocarbon contaminant concentrations in adult herring gulls from Great Slave Lake between the prelaying and postbreeding periods (from mid-May to early August). This was somewhat surprising, since at least one of five May samples and three of five August samples were females. Females are known to excrete lipophilic chlorinated contaminants into eggs each spring, thus reducing their chlorinated hydrocarbons, their high fat-solubility, and the deposition of lipids in eggs (Hobson et al., 2000) .
Selenium and mercury concentrations in herring gull eggs on Great Slave Lake showed evidence of spatial variability. Selenium is an essential trace element that can become toxic if excessive exposure occurs (Ohlendorf et al., 1988) . It has a relatively short biological half-life, on the order of one to three weeks in mallards (Anas platyrhynchos) (Heinz et al., 1990) . It also bioaccumulates overall contaminant burdens (Norstrom et al., 1986) . However, as mentioned above, the small number of gulls likely reduced the probability of detecting a significant difference. Furthermore, lipid content of birds is known to vary widely during the year, and this variability may produce corresponding changes in lipophilic organic contaminant concentrations in their tissues (Norstrom et al., 1986) . Elliott et al. (1996) reported peak DDE and PCB concentrations in bald eagles during spring and very slight declines from spring to mid-summer. They suggested that this pattern reflected the pattern of fat mobilization in spring followed by fat deposition later in the summer. Thus, variability in concentrations of contaminants in the livers of herring gulls from Great Slave Lake will reflect not only actual differences in exposure, but also differences in the size of the lipid pool and differences among tissues in partitioning. Thus, to truly understand whether contaminants decline in herring gulls on Great Slave Lake during their summer residency there, it would be better to perform whole-body analysis, so that the total burden of different contaminants could be determined in the animal as a whole (Ankley et al., 1993) . Unfortunately, whole bodies were not available for analysis in this study.
In contrast to the chlorinated hydrocarbons, selenium and mercury decreased significantly in birds over the breeding season. The decrease in selenium is consistent with spring movement of the birds from a marine to a freshwater environment, coupled with the rapid depuration of selenium from tissues (Heinz et al., 1990) . Winter and early spring use of marine habitats was inferred from stable-carbon and nitrogen isotopic data from colonial waterbirds on Great Slave Lake by Hobson et al. (2000) . Selenium levels tend to be higher in marine biota than in freshwater biota from nonpolluted areas (Eisler, 1985) .
Mercury in tissues of birds also decreased significantly from May to August, perhaps signifying that herring gulls 'cleanse' themselves of mercury during their summer residency on Great Slave Lake. For females, a small portion of the mercury was probably excreted in eggs (Heinz, 1979) . More importantly, the growth of new feathers was probably an important factor in reducing internal body burdens of mercury. The process of feather moult is associated with a major redistribution of mercury from soft tissues to feathers (Braune and Gaskin, 1987) . In eastern North America, herring gulls moult their primary feathers from late July through September, and the beginning of the moult usually coincides with hatching (Pierotti and Good, 1994) . Thus, primary feather moult may have begun and progressed significantly between the May and August samples, suggesting that moult may have accounted for some of the observed seasonal decline in hepatic mercury in herring gulls on Great Slave Lake.
Contaminant/Trophic Relationships
Several previous studies have demonstrated a relationship between trophic structure, as measured using δ 15 N analyses, and persistent chlorinated hydrocarbon and mercury concentrations in food webs (Spies et al., 1989; Broman et al., 1992; Kidd et al., 1995; Jarman et al., 1996; Atwell et al., 1998) . In this study, trophic level and chlorinated hydrocarbon concentrations were lowest in black terns, followed by herring gulls. Mew gulls and Caspian terns with higher δ 15 N values of their eggs also contained chlorinated hydrocarbon concentrations higher than those found in herring gull and black tern eggs. The fact that Caspian terns feed nearly exclusively on fish accounts for the relatively high δ 15 N values of and contaminant levels in their eggs. Somewhat more surprising were the high contaminant levels and stable isotopeinferred trophic levels of mew gulls, which feed on insects, crayfish, and small fish (Terres, 1980; Vermeer and DeVito, 1986) . Herring gulls are generalist feeders, consuming principally fish, but also garbage, small mammals, and insects (Fox et al., 1990) . Black terns were most distinct from the other species, both in their chlorinated hydrocarbon levels and in their δ 15 N abundances. Black terns are primarily insectivorous (Dunn and Agro, 1995) . The lower trophic level of black terns compared to the other species, as inferred from stable nitrogen isotope analysis, coupled with the relatively low levels of chlorinated hydrocarbons in their eggs, suggests a possible link between diet and chlorinated hydrocarbon contaminant concentrations in eggs of these species on Great Slave Lake. However, we recognize that the relationship between trophic position, as inferred from stable isotope analysis, and tissue contaminant concentrations may be obscured by differences in the turnover rates of lipophilic contaminants and of protein and its associated elemental carbon and nitrogen. While δ 15 N values in soft tissues of animals may reflect more recent diet because of the relatively rapid turnover rate of protein (Hobson and Clark, 1992) , lipophilic chlorinated hydrocarbon contaminants turn over much more slowly (Norstrom et al., 1986; Clark et al., 1987) . For migratory species, which may accumulate contaminants and nutrients at different locations and during different times of the year, it may be difficult to establish a relationship between contaminant concentrations in eggs and trophic level as inferred from stable isotope ratios in eggs.
Selenium/Mercury Correlation
This study found that selenium and mercury were correlated in the eggs of the four species, suggesting that these two elements co-accumulate in some birds' eggs. Sell (1977) noted that when selenium and mercury were simultaneously administered to chickens and quail, a higher proportion of the total mercury dose was deposited in eggs than when mercury alone was administered. While there are many examples of selenium and mercury co-accumulation in livers of wild birds (Norheim, 1987; Henny et al., 1991; Elliott et al., 1992) , few such examples exist for eggs. Selenium and mercury were not correlated in the eggs of Franklin's gulls, black-crowned night herons, and fish from Great Slave Lake were females.
2 converted from wet wt values (used 77% as moisture content which was obtained by averaging herring gull egg moisture contents from GSL).
3 1 = this study; 2 = Braune et al., 1999; 3 = Evans, 1994; 4 = Hughes et al., 1998; 5 = Bishop et al., 1992; 6 = Koster et al., 1996; 7 = Weseloh et al., 1997; 8 = DeSmet and Shoesmith, 1988; 9 = Ewins et al., 1994; 10 = Mora et al., 1996. 4 Not stated whether PCBs expressed as Aroclor 1254 or 1260.
double-crested cormorants (Burger and Gochfeld, 1996) , or in the eggs of herring gulls (Burger and Gochfeld, 1995) . However, Goede and Wolterbeek (1994) reported a selenium-mercury correlation in the eggs of oystercatchers (Haematopus ostralegus). In this study, the mean molar ratio of selenium to mercury was approximately 11:1. This is somewhat higher than the ratio of 4:1 in oystercatcher eggs (Goede and Wolterbeek, 1994) , but it is similar to the ratios reported for eggs of three seabird species (Ohlendorf and Harrison, 1986) and for livers of ducks exposed to low levels of mercury (Ohlendorf et al., , 1991 . However, it differs from the approximate 1:1 ratio found in livers of species exposed to high concentrations of mercury (Kim et al., 1996; Scheuhammer et al., 1998) .
Comparison with Other Studies
Chlorinated hydrocarbon contaminant concentrations in herring gull eggs at Great Slave Lake in 1995 differed little from those found in 1992 (Table 4) . Nor did they differ from concentrations found in herring gull eggs from the Yukon Territory and northern Quebec (Table 4) . However, herring gull eggs in this study had concentrations that were only 0.01 to 0.2 times as high as those in the Great Lakes (Table 4) , signifying the relatively pristine nature of Great Slave Lake compared to the Great Lakes. Concentrations of chlorinated hydrocarbon contaminants in black terns in Great Slave Lake were similar to those found in Manitoba (DeSmet and Shoesmith, 1988) but were slightly lower than those found in southern Quebec and Ontario (Weseloh et al., 1997) (Table 4) . For Caspian tern eggs, chlorinated hydrocarbon contaminant concentrations were much lower at Great Slave Lake than on the Great Lakes but were similar to those found by Mora (1996) in Texas (Table 4) .
On a wet weight basis, fish tissue from Great Slave Lake had lower concentrations of chlorinated hydrocarbon contaminants than did herring gull eggs and livers (Table 4) . However, direct comparison is difficult because different tissues were involved and because such comparisons are not adjusted for differences in lipid content of the tissues, an important consideration when comparing concentrations of lipophilic contaminants between species (Hebert and Keenleyside, 1995) . On a lipid weight basis, Evans (1996) found that PCBs were from 0.32 -0.46 and sum of DDTs from 0.11 -0.17 ppm in burbot livers from Great Slave Lake. This compares with lipid weight-adjusted values of 11.3 ppm for sum of DDTs and 4.6 ppm for sum of PCBs in herring gull livers. Clearly, herring gulls have higher persistent chlorinated hydrocarbon contaminant concentrations than burbot, which is a high trophic level fish species in Great Slave Lake (Evans, 1996) . This finding is similar to that reported for herring gulls and fish in the Great Lakes (Government of Canada, 1991) . The trophic levels of burbot and herring gulls, as inferred from stable-nitrogen isotope ratios in muscle and lipid-free egg yolk, respectively (Evans, 1996; Hobson et al., 2000) , were quite similar. Thus, differences in trophic level cannot account for the wide discrepancy in chlorinated hydrocarbon levels between the two species. While we cannot rule out the possibility of different metabolic efficiencies of the two species, this is not likely, because fish generally have a poorer capacity than birds for metabolizing such compounds as chlordanes and PCBs Norstrom and Muir, 1994) . A more probable explanation for the difference in contaminant levels between herring gulls and burbot on Great Slave Lake is that the former is homeothermic, resulting in higher energy requirements and thus higher dietary intake of contaminants (Braune and Norstrom, 1989) . In addition, different sources of exposure to chlorinated hydrocarbons for burbot and herring gulls from Great Slave Lake may account for a fraction of the differences in their tissue contaminant concentrations. Burbot can only be exposed through the Great Slave Lake food chain, since they are year-round residents. However, herring gulls are migratory and probably experience the highest exposure to chlorinated hydrocarbon contaminants while in more polluted wintering and migration areas.
Mercury concentrations in herring gull and Caspian tern eggs from Great Slave Lake were similar to those in eggs of their conspecifics from other locales (Table 4) .
Overall, we did not find evidence of spatial or seasonal variation in chlorinated hydrocarbon compounds in herring gulls on Great Slave Lake. The fact that spatial variation has been found for fish, aquatic insects, and sediments (Evans, 1996 (Evans, , 1997 suggests that herring gulls may not be appropriate biomonitors of such contaminants in Great Slave Lake. Mercury and selenium varied spatially and seasonally in herring gulls. The causes of spatial variation in these elements need to be determined. Stable isotope analysis indicated that chlorinated hydrocarbon levels in four species of colonial waterbirds on Great Slave Lake were related positively to their trophic levels.
